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MAGNETIC FIELD DETECTOR, AND 
CURRENT DETECTION DEVICE, POSITION 

DETECTION DEVICE AND ROTATION 
DETECTION DEVICES USING THE 
MAGNETIC FIELD DETECTOR 

CROSS REFERENCE TO RELATED 
APPLICATIONS AND INCORPORATION BY 

REFERENCE 

This application is a continuation of and claims the bene?t 
of priority under 35 USC §120 from US. Ser. No. 10/589, 
246, ?led Aug. 14, 2006, now US. Pat. No. 7,375,516, the 
entire content of Which is incorporated herein by reference, 
Which is the National Stage of PCT/JP04/ 13824, ?led Sep. 
22, 2004, and is based upon and claims the bene?t of priority 
under 35 USC §119 from the Japanese Patent Applications 
No. 2004-043248, ?led Feb. 19, 2004. 

TECHNICAL FIELD 

The present invention relates to a magnetic ?eld detector 
for detecting the magnetic ?eld by the giant magnetoresis 
tance effect or the tunnel magnetoresistance effect, and a 
current detection device, a position detection device and a 
rotation detection device using the magnetic ?eld detector. 

BACKGROUND ART 

The magnetoresistance (MR) effect is a phenomenon in 
Which the electrical resistance is changed by application of a 
magnetic ?eld to a ferromagnetic material, and used for the 
magnetic ?eld detector and the magnetic head. In recent 
years, an arti?cial lattice ?lm such as Fe/ Cr, Co/ Cu has been 
come to be knoWn as a giant magnetoresistance (GMR) effect 
material exhibiting a very large magnetoresistance effect. 

Also, What is called a spin valve ?lm having a structure 
including a ferromagnetic layer, a nonmagnetic layer, a fer 
romagnetic layer and an antiferromagnetic layer is knoWn, in 
Which the nonmagnetic metal layer has such a thickness as to 
substantially eliminate the sWitched connection function 
betWeen the ferromagnetic layers, and in Which the magnetic 
moment of the ferromagnetic layer adjacent to the antiferro 
magnetic layer is ?xed as What is called a ?xed layer by the 
sWitched connection betWeen the particular ferromagnetic 
layer and the antiferromagnetic layer While only the spin of 
the other ferromagnetic layer constitutes a free layer easily 
inverted by an external magnetic ?eld. The antiferromagnetic 
material is formed of FeMn, IrMn, PtMn or the like. In this 
case, the sWitched connection betWeen the tWo ferromagnetic 
layers is so Weak that the spin can be inverted in a Weak, small 
magnetic ?eld. Thus, a highly sensitive magnetoresistive ele 
ment can be provided and used as a high-density magnetic 
recording and read head. The spin valve ?lm described above 
is used by supplying a current inWard of the ?lm surface. 
On the other hand, it is knoWn that a still larger magnetore 

sistance effect can be produced utiliZing the vertical magne 
toresistance effect for supplying a current in the direction 
perpendicular to the ?lm surface. 

Further, a tunneling magnetoresistance (TMR) effect due 
to the ferromagnetic tunnel coupling is knoWn Which utiliZes 
the fact that the magnitude of the tunneling current in the 
direction perpendicular to the ?lm surface is differentiated by 
arranging the spins of the tWo ferromagnetic layers in parallel 
or antiparallel to each other With an external magnetic ?eld in 
a three-layer ?lm of a ferromagnetic ?lm, an insulating ?lm 
and a ferromagnetic ?lm. 
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2 
In recent years, the use of the GMR or TMR element as a 

magnetic ?eld detector has also been studied. In this connec 
tion, the magnetoresistive element of pseudo spin valve type 
With a nonmagnetic metal layer sandWiched by tWo ferro 
magnetic layers of different coercive forces and the magne 
toresistive element of spin valve type described above are 
studied. In an application as a magnetic detector, the resis 
tance value is changed by changing the relative angles of 
these tWo ferromagnetic layers making up each element in 
response to an external magnetic ?eld. This change in resis 
tance value is detected by reading a voltage change signal 
While supplying a constant current. The reading process is 
executed using the GMR or TMR effect. 
The magnetoresistance change of the GMR element is 

smaller than that of the TMR element, and in order to obtain 
a large change rate, a stack structure of repetitive sets of a 
ferromagnetic layer and a nonmagnetic layer is required. 
Also, the GMR element, in Which a current is supplied in the 
direction perpendicular to the ?lm surface, is not required to 
be lengthened. Since the GMR element is smaller in resis 
tance than the TMR element, hoWever, the current amount is 
required to be increased to produce a large output signal. As a 
result, the poWer consumption is increased. Further, in the 
GMR element in Which the current is supplied in the direction 
inWard of the ?lm surface as described above, a suf?cient 
current path is required in the element and therefore the length 
of the element is required to be increased in order to produce 
a large magnetoresistance effect. 

For the reason described above, the magnetic ?eld detector 
desirably uses the TMR element Which can produce a large 
output signal and can be provided in an arbitrary shape. 

Further, a technique has been proposed in Which a single 
magnetoresistive element is not used for measurement, but a 
bridge circuit is formed using four magnetoresistive ele 
ments, and elements With the ?xed layers having opposite 
directions of magnetiZation are combined to form a high 
output magnetic ?eld detector (see Japanese Patent No. 
3017061). 
Patent Document 1: Japanese Patent No. 3017061 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 

The use of the magnetoresistive element described above 
makes it possible to measure the external magnetic ?eld based 
on the voltage change of the magnetoresistive element. Also, 
by use of the technique of the bridge circuit described above, 
a large output signal can be produced. 
The saturation magnetic ?eld of the free layer, hoWever, is 

dependent on the thickness and shape of the free layer, and 
therefore liable to be affected by the variations due to repro 
ducibility in the fabrication process, resulting in variations 
from one detector to another. As described above, the TMR 
element is desirably used as a magnetoresistive element. In 
this case, hoWever, the element resistance is sensitive to the 
thickness of the tunnel insulating layer, and therefore is liable 
to be affected by the variations due to the reproducibility in 
the fabrication process, resulting in the variation from one 
detector to another. In the case Where the resistance change 
rate and the saturation magnetic ?eld change, therefore, an 
error occurs of the magnetic ?eld detected in accordance With 
the particular change amount. Further, the resistance change 
rate and the saturation magnetic ?eld also change With the 
operating temperature. As a result, the sensitivity and resolu 
tion of the detector are changed. 
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In the prior art, in order to calibrate them, the output signal 
and the saturation magnetic ?eld for each detector are 
required to be measured by applying a magnetic ?eld using a 
magnetic ?eld generator. Also, in order to calibrate the 
change in the element characteristic With temperature, the 
measurement described above is required to be conducted for 
each temperature to calibrate the output signal. 

In the conventional magnetic ?eld detector, hoWever, the 
variations in detection sensitivity and resolution cannot be 
easily detected and calibrated, and to carry it out, a giant 
magnetic ?eld generator is required to generate a knoWn 
external magnetic ?eld. 

Accordingly, it is an object of the present invention to 
provide a magnetic ?eld detector and detection method and a 
physical amount measurement device using the detector and 
the detection method, in Which the sensitivity and the resolu 
tion of the detector can be calibrated Whenever required With 
a single detector. 

Means for Solving the Problems 

According to the present invention, there is provided a 
magnetic ?eld detector including a reference magnetoresis 
tive element and a magnetic ?eld detecting magnetoresistive 
element, characterized in that the reference magnetoresistive 
element and the magnetic ?eld detecting magnetoresistive 
element each have a stack structure including a ?xed layer 
formed of an antiferromagnetic layer and a ferromagnetic 
material With the direction of magnetization thereof ?xed by 
the antiferromagnetic layer on the one hand and a free layer 
formed of a nonmagnetic layer and a ferromagnetic material 
With the direction of magnetization thereof changed by an 
external magnetic ?eld on the other hand, the reference mag 
netoresistive element is such that the direction of magnetiza 
tion of the ?xed layer is parallel or antiparallel to that of the 
free layer in the nonmagnetic ?eld, and the magnetic ?eld 
detecting magnetoresistive element is such that the direction 
of magnetization of the ?xed layer and the direction of mag 
netization of the free layer in the nonmagnetic ?eld are dif 
ferent from each other. 

EFFECTS OF THE INVENTION 

In the magnetic ?eld detector described above, the resis 
tance change rate can be calibrated at any time Without using 
the magnetic ?eld generator. Also, by referring to a magne 
toresistive element having the magnetic ?eld response in the 
nonmagnetic ?eld While an external magnetic ?eld is applied 
thereto, output signals can be compared Within the same 
detector, so that even in the case Where the element sensitivity 
changes, a stable output signal can be produced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram for describing the direction of magne 
tization of the free layer and the ?xed layer of a magnetore 
sistive element. 

FIG. 2 is a diagram for describing the dependency of the 
element resistance of the magnetoresistive element on the 
external magnetic ?eld. 

FIG. 3 is a plan vieW for describing the con?guration of a 
magnetic ?eld detector according to a ?rst embodiment. 

FIG. 4 is a schematic diagram shoWing a sectional structure 
of a magnetoresistive element of a magnetic ?eld detector 
according to the ?rst embodiment. 

FIG. 5 is a diagram for describing the output signal of the 
magnetic ?eld detector according to the ?rst embodiment. 
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FIG. 6 is a plan vieW for describing the con?guration of a 

magnetic ?eld detector according to a second embodiment. 
FIG. 7 is a plan vieW for describing the con?guration of a 

magnetic ?eld detector according to a third embodiment. 
FIG. 8 is a plan vieW for describing the con?guration of a 

magnetic ?eld detector according to a fourth embodiment. 
FIG. 9 is a plan vieW for describing the con?guration of 

another magnetic ?eld detector according to the fourth 
embodiment. 

FIG. 10 is a plan vieW for describing the con?guration of a 
magnetic ?eld detector according to a ?fth embodiment. 

FIG. 11 is a plan vieW for describing the con?guration of 
another magnetic ?eld detector according to the ?fth embodi 
ment. 

FIG. 12 is a perspective vieW for describing a current 
detection device according to a sixth embodiment. 

FIG. 13 is a perspective vieW for describing a position 
detection device according to a seventh embodiment. 

FIG. 14 is a side vieW for describing a rotation detection 
device according to an eighth embodiment. 

FIG. 15 is a diagram for describing the con?guration of a 
magnetic ?eld detector according to a ninth embodiment. 

FIG. 16 is a circuit diagram for describing an example of a 
differential ampli?er circuit according to a ninth embodi 
ment. 

FIG. 17 is a diagram for describing the con?guration of a 
magnetic ?eld detector according to a tenth embodiment. 

FIG. 18 is a diagram shoWing the output Waveform accord 
ing to a tenth embodiment. 

FIG. 19 is a diagram for describing the con?guration of a 
magnetic ?eld detector according to an eleventh embodiment. 

FIG. 20 is a circuit diagram for describing an example of a 
multiply-divide circuit. 

FIG. 21 is a diagram for describing the con?guration of a 
magnetic ?eld detector according to a tWelfth embodiment. 

FIG. 22 is a diagram for describing the con?guration of a 
magnetic ?eld detector according to a thirteenth embodiment. 

FIG. 23 is a diagram for describing the dependency of the 
element resistance of the magnetoresistive element on an 
external magnetic ?eld. 

FIG. 24 is a circuit diagram for describing an example of an 
adder circuit. 

DESCRIPTION OF THE REFERENCE SIGNS 

1, 41 Detection element; 2, 12, 22, 32 Direction of magneti 
zation of second ferromagnetic layer in nonmagnetic ?eld; 
2a, 32a Direction of magnetization of second ferromagnetic 
layer With magnetic ?eld applied; 3, 13, 23, 33 Direction of 
magnetization of ?rst ferromagnetic layer; 4, 7, 8, 14, 16, 24, 
26, 34, 36, 44, 77, 88, 110 Metal Wires; 5 Magnetic shield; 6 
Metal Wire for application of magnetic ?eld; 11, 21, 51 Ref 
erence element; 31 Saturation magnetic ?eld detection ele 
ment; 52 Magnetoresistive element; 61 Substrate; 62, 67 Wir 
ing layer; 63 Antiferromagnetic layer; 64 First ferromagnetic 
layer; 65 Nonmagnetic layer; 66 Second ferromagnetic layer; 
100 Object to be measured; 102 Wire; 103, 104 Magnet; 105 
Gear; 106 Gear teeth; 109 Peripheral circuit around element; 
110 Wire; 201 Resistance-voltage conversion circuit; 202 
Add-subtract ampli?er circuit; 203 Multiply-divide circuit; 
204 Constant current source; 205 Add circuit; 206 Subtract 
circuit; 207 Differential ampli?er circuit; 208, 209 Constant 
voltage source; 210 Output regulation circuit; 211 Calibra 
tion element; 221 SWitch; 230, 231, 232, 233 Inverting ampli 
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?er circuit; 240, 241, 242, 243, 245 OP ampli?er; 250, 251, 
252, 253, 255 Resistor; 260 Transistor 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

With reference to FIG. 1, a speci?c detect operation of a 
magnetic ?eld detector using a spin valve-type magnetoresis 
tive element is described ?rst. 

FIG. 1 is a schematic diagram shoWing the direction of 
magnetiZation of the free layer and the ?xed layer of a mag 
netoresistive element 52. In FIG. 1, the direction of magne 
tiZation 2 of the free layer of the spin valve-type magnetore 
sistive element forms an angle of 90° With the direction of 
magnetiZation 3 of the ?xed layer. Upon application of a 
magnetic ?eld in the direction along direction of magnetiZa 
tion 3 of the ?xed layer of the spin valve-type magnetoresis 
tive element, the direction of magnetiZation of the free layer 
is changed by an external magnetic ?eld. In the process, in 
accordance With the angle that the direction of magnetiZation 
2a of the free layer thus changed forms With direction of 
magnetiZation 3 of the ?xed layer, the resistance value of the 
magnetoresistive element changes linearly. 

Speci?cally, in the case Where direction of magnetiZation 3 
of the ?xed layer is 00 and the angle formed by direction of 
magnetiZation 2a of the free layer upon application of the 
external magnetic ?eld H thereto is 0, the change in element 
resistance is inversely proportional to cos 0. In the case Where 
the free layer is a soft ferromagnetic layer having a uniaxial 
anisotropy, cos GIIHkI/H. Speci?cally, in the case Where an 
external magnetic ?eld larger than lHkl is applied, direction of 
magnetiZation 2a of the free layer is ?xed in the direction 
parallel or antiparallel to the direction of magnetiZation of the 
?xed layer and the element resistance changes no more. In 
other Words, Hk is the saturation magnetic ?eld of the free 
layer. 
As a result, in the case Where direction of magnetiZation 2 

of the free layer forms an angle of 90° With direction of 
magnetiZation 3 of the ?xed layer as shoWn in FIG. 2, the 
element resistance R is given as 

Where Rm is an intermediate value betWeen the maximum 
resistance value and the minimum resistance value that the 
element resistance can assume and the element resistance in 
the nonmagnetic ?eld. Also, AR is the magnetoresistance 
change of the element. This element resistance R is propor 
tional to the external magnetic ?eld, and therefore by acquir 
ing the element resistance, the magnitude of the external 
magnetic ?eld can be detected. Incidentally, the external mag 
netic ?eld detected is a direction component of direction of 
magnetiZation 3 of the ?xed layer. Also, the magnetic ?eld 
area detectable in the direction of magnetiZation of the ?xed 
layer, i.e. the operation area is given as —|Hk| éHélHkl. 
By the element resistance dependent on the external mag 

netic ?eld described above, the magnetic ?eld can be detected 
from the current or voltage in the element. 

With reference to the draWings, speci?c examples of 
embodiments of the present invention are described beloW. 

Embodiment 1 

FIG. 3 is a plan vieW shoWing a magnetic ?eld detector 
according to a ?rst embodiment of the present invention. The 
shoWn magnetic ?eld detector has one detecting magnetore 
sistive element 1 (hereinafter referred to as the detection 
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6 
element) and one reference magnetoresistive element 11 
(hereinafter referred to as the reference element). The sec 
tional structures of elements 1, 11 are shoWn in the schematic 
diagram of FIG. 4. In FIG. 4, a Wiring layer 62 is formed on 
a substrate 61, and then an antiferromagnetic layer 63 is 
formed. Next, a ?rst ferromagnetic layer 64 (?xed layer) of a 
ferromagnetic material With the direction of magnetiZation 
thereof ?xed by antiferromagnetic layer 63 is formed. Fur 
ther, a nonmagnetic layer 65 constituting an tunnel insulating 
layer is formed, above Which a second ferromagnetic layer 66 
(free layer) of a ferromagnetic material With the direction of 
magnetiZation changed by the external magnetic ?eld is 
formed. Above second ferromagnetic layer 66, a Wiring layer 
67 is formed. In this case, a con?guration is shoWn in Which 
antiferromagnetic layer 63, ?rst ferromagnetic layer 64, non 
magnetic layer 65 and second ferromagnetic layer 66 are 
stacked sequentially. Nevertheless, the present invention is 
not limited to this con?guration, but an element can be con 
?gured also by stacking second ferromagnetic layer 66, non 
magnetic layer 65, ?rst ferromagnetic layer 64 and antiferro 
magnetic layer 63 in that order. 

In FIG. 3, elements 1, 11 both have a rectangular shape. 
Elements 1, 11 do not necessarily have the same aspect ratio, 
but have the same area to secure an equal element resistance. 
Due to the rectangular element shape, the directions of 

magnetiZation 2, 12 of second ferromagnetic layer 66 of each 
of elements 1, 11 are along the length of the elements due to 
the magnetic shape anisotropy. Direction of magnetiZation 3 
of ?rst ferromagnetic layer 64 of detection element 1, on the 
other hand, is orthogonal, in the element plane, to direction of 
magnetiZation 2 of second ferromagnetic layer 66 of detec 
tion element 1 in the nonmagnetic ?eld. Further, the direction 
of magnetiZation 13 of ?rst ferromagnetic layer 64 of refer 
ence element 11 is parallel to direction of magnetiZation 12 of 
second ferromagnetic layer 66 of reference element 11 in the 
nonmagnetic ?eld. 

Also, directions of magnetiZation 3, 13 of ?rst ferromag 
netic layers 64 of elements 1, 11 are identical to each other. 

Further, ?rst ferromagnetic layers 64 and second ferromag 
netic layers 66 of elements 1, 11 are formed and connected 
With signal detection Wires 4, 44, 14, 16 as Wiring layers 62, 
67, respectively, Which are connected to the detection circuit. 

First ferromagnetic layers 66 and second ferromagnetic 
layers 64 of elements 1, 11 are formed of a ferromagnetic 
material. Materials having ferromagnetism include a metal 
containing Co, Ni, Fe as a main component such as Co, Fe, 
CoiFe alloy, CoiNi alloy, CoiFeiNi alloy, FeiNi 
alloy or an alloy such as NiiMniSb or CoZiMniGe. 

Also, nonmagnetic layer 65 making up a tunnel insulating 
layer is formed of any insulating material or, for example, a 
metal oxide such as Ta2O5, SiO2 or MgO or a ?uoride. 

First ferromagnetic layers 64 of elements 1, 11 are ?xed in 
the direction of magnetiZation by being stacked With antifer 
romagnetic layer 63 as described above. Speci?cally, antifer 
romagnetic layer 63 ?xes the spin direction of ?rst ferromag 
netic layers 64, so that the directions of magnetiZation of ?rst 
ferromagnetic layers 64 are held in directions 3, 13, respec 
tively. The materials making up the antiferromagnetic layer 
include IriMn, NiiMn, NiiO, FeiMn, PtiMn, etc. 

Each ?lm described above is formed by, for example, DC 
magnetron sputtering. Also, it may alternatively be formed by 
the molecular beam epitaxy (MBE), various sputtering pro 
cesses, chemical vapor deposition (CVD) process or vapor 
deposition. 

Elements 1, 11 are formed by, for example, photolithogra 
phy. In this case, ?lms making up second ferromagnetic layer 
66, nonmagnetic layer 65 and ?rst ferromagnetic layer 64 are 



US 7,508,203 B2 
7 

formed, after Which the desired pattern is formed by photo 
resist. After that, the shape of the element can be acquired by 
ion milling or reactive ion etching. Also, the electron beam or 
the focused ion beam lithography may be used to form a 
pattern. 

Further, Wires 4, 44, 14, 16 are formed of an Al layer, for 
example. 

Detection element 1 and reference element 11 are desirably 
formed on the same substrate at the same time using the same 
process. The simultaneous forming of these elements using 
the ?lm-forming methods and the photolithography 
described above is accompanied by a very small variation and 
poses substantially no variation problem in the measurement 
of the magnetic resistance. 

Directions of magnetization 3, 13 of the ?rst ferromagnetic 
layers of elements 1, 11 are set by the method described 
beloW, for example. The magnetic ?eld detector is heated to 
equal to or higher than the blocking temperature at Which the 
apparent exchange interaction betWeen the antiferromagnetic 
layer and the ?rst ferromagnetic layer disappears, and the 
external magnetic ?eld to generate the saturated magnetiza 
tion of the ?rst ferromagnetic layer is applied in the desired 
direction. Under this condition, the magnetic ?eld detector is 
cooled at or beloW the blocking temperature thereby to 
acquire the desired direction of magnetization in the ?rst 
ferromagnetic layer. 

According to this embodiment, directions of magnetiza 
tion 3, 13 of the ?rst ferromagnetic layers of detection ele 
ment 1 and reference element 11 are parallel to each other, 
and therefore magnetic ?eld is applied in the same direction at 
the time of heat treatment. By applying a uniform magnetic 
?eld in this Way, the magnetic ?eld detector according to this 
embodiment can be formed. 

In this case, the shape of elements 1, 11 is not necessarily 
a rectangle as long as the directions of magnetization of the 
second ferromagnetic layers can be de?ned as desired. 

Also, elements 1, 11 are each desirably a TMR element. 
This makes it possible to produce a large output signal and 
reduce the element size at the same time. 

With reference to FIGS. 3, 5, the detect operation of the 
magnetic ?eld detector according to this embodiment is 
described next. 

Elements 1, 11 shoWn in FIG. 3 are supplied With a prede 
termined current I through Wires 4, 44, 14, 16, respectively, at 
the time of magnetic ?eld detection. In the case Where an 
external magnetic ?eld H is applied in the same direction as 
?rst ferromagnetic layers 3, 13, the element resistance R of 
detection element 1 in external magnetic ?eld H is given by 
equation (1) and an output voltage V by equation (2). 

V:I><(Rm+AR/2><H/lHkl) (2) 

Where Rm is the element resistance With the saturation mag 
netic ?eld applied from an external source, AR the magne 
toresistance change of measurement element 1, Hk the 
strength of the saturation magnetic ?eld, H the strength of the 
external magnetic ?eld applied, I the strength of the current 
?oWing in measurement element 1, andV the voltage applied 
to the measurement element. 

In reference element 11, on the other hand, directions of 
magnetization 12, 13 in the nonmagnetic ?eld of the second 
and ?rst ferromagnetic layers are the same as the direction of 
magnetization of external magnetic ?eld H, and therefore, 
even in the case Where external magnetic ?eld H is applied, 
direction of magnetization 12 of the second ferromagnetic 
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8 
layer and direction of magnetization 13 of the ?rst ferromag 
netic layer of reference element 11 remain the same, and the 
element resistance of reference element 11 assumes the same 
value as the saturation value of the resistance of detection 
element 1 in the negative magnetic ?eld. From this, an ele 
ment resistance R1 and an output voltage Vl obtained in ref 
erence element 11 are given by equations (3), (4), respec 
tively. 

The difference AVl betWeen the output voltages of detec 
tion element 1 and reference element 11 is expressed by 
equation (5). 

This equation is modi?ed as 

H:(2><A V1/I><AR—1)><Hk (6) 

Where the relation betWeen V, V1, AVl, external magnetic 
?eld H and saturated magnetic ?eld Hk is shoWn in FIG. 5. 
Also, AR/2 is the difference of the output signals in the non 
magnetic ?eld betWeen reference element 11 and detection 
element 1, and by determining the difference of the output 
signals in the nonmagnetic ?eld, AR can be determined in real 
time at the time of measurement. Speci?cally, even in the case 
Where AR changes due to the temperature change, etc. at the 
time of measurement, the accurate value of AR can be deter 
mined easily. Also, V, V1, Hk are knoWn values, and therefore 
external magnetic ?eld H can be determined using equation 
(6). 
The output signals described above can be obtained also by 

numerical operation after converting the output signals 
obtained from detection element 1 and reference element 11 
into numerical signals, respectively. 

According to this embodiment, a predetermined current is 
supplied to each of elements 1, 11. Nevertheless, these cur 
rents are not necessarily predetermined for each of elements 
1, 11. In such a case, as far as the ratio of magnitude betWeen 
the currents supplied to elements 1, 11 is knoWn, external 
magnetic ?eld H can be determined using equations (3) to (6). 

Also, direction of magnetization 2 of the second ferromag 
netic layer and direction of magnetization 3 of the ?rst ferro 
magnetic layer of detection element 1, though orthogonal to 
each other in the element plane according to this embodiment, 
are not necessarily so orthogonal. Unless direction of mag 
netization 2 of the second ferromagnetic layer and the direc 
tion of magnetization 1 of the ?rst ferromagnetic layer are 
parallel or antiparallel to each other, the element resistance is 
changed by external magnetic ?eld H and therefore external 
magnetic ?eld H can be detected. 

Also, according to this embodiment, direction of magneti 
zation 13 of the ?rst ferromagnetic layer of reference element 
11 and direction of magnetization 12 of the second ferromag 
netic layer of reference element 11 are parallel, and may 
alternatively be antiparallel to each other. In the case Where 
they are antiparallel, the element resistance of reference ele 
ment 11 assumes the same value as the saturation value of the 
resistance of detection element 1 in the positive magnetic 
?eld. 

According to this embodiment, the differential detection of 
reference element 11 and detection element 1 is used and 
therefore a large output signal is obtained. Also, the resistance 
change rate AR is obtained from the difference betWeen the 
output signals of detection element 1 and reference element 
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11 in the nonmagnetic ?eld. Even in the case Where the 
element resistance is varied due to the reproducibility at the 
time of fabrication or the resistance value of the element is 
changed due to the temperature, therefore, a stable output 
signal can be obtained. 

Also, directions of magnetization 3, 13 of the ?rst ferro 
magnetic layers of elements 1, 11 are identical to each other, 
and therefore the magnetic ?eld detector according to this 
embodiment can be easily fabricated. 

Further, reference element 11 can include a magnetic 
shield 5 for shielding the external magnetic ?eld. 

Magnetic shield 5 of reference element 11 is required to be 
formed of a material high inpermeability such as a NiFe layer. 
Also, other alloys containing Co, Ni or Fe as a main compo 
nent can be employed. 

The provision of magnetic shield 5 protects reference ele 
ment 11 from the effect of external magnetic ?eld. As a result, 
as long as direction of magnetization 12 of the second ferro 
magnetic layer and direction of magnetization 13 of the ?rst 
ferromagnetic layer of the reference element are parallel or 
antiparallel to each other, the directions of magnetization can 
be set arbitrarily. 

Embodiment 2 

According to this embodiment, as shoWn in FIG. 6, a bridge 
circuit is formed by adding a set of elements having the same 
con?guration to detection element 1 and reference element 11 
of the ?rst embodiment. The detection element 41 and the 
reference element 51 added have the same con?guration as 
detection element 1 and reference element 11, respectively, 
and therefore are not described again. Also, the directions of 
magnetization of the ?rst and second ferromagnetic layers of 
detection elements 1 and 41 are the same. In this case, AVl 
can be obtained by supplying the current from Wires 7 to 77 
and measuring the potential difference betWeen Wires 8 and 
88. 

According to this embodiment, the elements are formed as 
a bridge circuit and therefore a larger output can be obtained. 

Embodiment 3 

FIG. 7 is a plan vieW shoWing a magnetic ?eld detector 
according to a third embodiment of the present invention. The 
magnetic ?eld detector according to this embodiment further 
includes a reference element 21 in the magnetic ?eld detector 
according to the ?rst embodiment. In this embodiment, the 
same component parts as those in the ?rst embodiment are 
designated by the same reference numerals, respectively. Ele 
ments 1, 11, 21 have a similar stack structure to the ?rst 
embodiment. In this embodiment, elements 1, 11, 21 are all 
formed in a rectangle. Elements 1, 11, 21 have not necessarily 
the same aspect ratio but have the same area to equalize the 
element resistance. 
Of the directions of magnetization 3, 13, 23 of the ?rst 

ferromagnetic layers of elements 1, 11, 21, direction of mag 
netization 3 and direction of magnetization 13 are parallel to 
each other, and direction of magnetization 13 and direction of 
magnetization 23 are antiparallel to each other. Direction of 
magnetization 2 of the second ferromagnetic layer of detec 
tion element 1 in the nonmagnetic ?eld is orthogonal to direc 
tion of magnetization 3 of the ?rst ferromagnetic layer in the 
element plane. Also, the directions of magnetization 12, 22 of 
the second ferromagnetic layers of reference elements 11, 21 
in the nonmagnetic ?eld are parallel and antiparallel, respec 
tively, to directions of magnetization 13, 23 of the respective 
?rst ferromagnetic layers. 
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10 
The second and ?rst ferromagnetic layers of elements 1, 

11, 21 are connected to signal detection Wires 4, 44, 14, 16, 
24, 26 and further to the detection circuit. One of Wires 4, 44 
connected to detection element 1 is connected to the second 
ferromagnetic layer of the element, and the other to the ?rst 
ferromagnetic layer thereof. Wires 14, 16, 24, 26 of reference 
elements 11, 21 are also connected to similar positions. 

Elements 1, 11, 21 are preferably TMR elements, Whereby 
a large output signal can be output While at the same time 
reducing the element size. 

Directions of magnetization 3, 13, 23 of the ?rst ferromag 
netic layers of elements 1, 11, 21 can be determined, like in 
the ?rst embodiment, by heat treatment, for example. Though 
not shoWn, a Wire is formed just above or just beloW the 
element, and a current is supplied in the desired direction to 
generate the saturated magnetization of the ?rst ferromag 
netic layer are not loWer than the blocking temperature at 
Which the magnetic interaction betWeen the antiferromag 
netic layer and the ?rst ferromagnetic layer disappears. Under 
this condition, the temperature is reduced at or beloW the 
blocking temperature so that the desired direction of magne 
tization is obtained in the ?rst ferromagnetic layer. This mag 
netic ?eld is not limited to the magnetic ?eld generated by 
supplying the current to a Wire, but a magnetic ?eld applied 
locally. 

With regard to directions of magnetization 3, 13, 23 of the 
?rst ferromagnetic layer described above, directions of mag 
netization 3, 13 can be determined by local heat treatment of 
elements 1, 1 1 With an external magnetic ?eld applied thereto, 
for example, after Which direction of magnetization 23 can be 
determined by local heat treatment of element 21 With a 
magnetic direction applied in reverse direction. 

With reference to FIG. 7, the operation of the magnetic 
?eld detector according to this embodiment is described next. 

Elements 1, 11, 21 shoWn in FIG. 7 are each supplied With 
a predetermined current I through Wires 4, 14, 24 at the time 
of detection of a magnetic ?eld. In the process, the element 
resistance of detection element 1 in the external magnetic 
?eld H can be determined from equation (1) and the output 
voltage from equation (2). In this case, reference element 11 
is such that direction of magnetization 12 of the second fer 
romagnetic layer and direction of magnetization 13 of the ?rst 
ferromagnetic layer are parallel to each other, While reference 
element 21 is such that direction of magnetization 22 of the 
second ferromagnetic layer and direction of magnetization 23 
of the ?rst ferromagnetic layer are antiparallel to each other. 
As a result, reference elements 11, 21 assume the same value 
as the saturation value of the resistance of detection element 
1 in the positive and negative magnetic ?elds. The output 
voltages V1, V2 obtained in reference elements 11, 21 are 
expressed by equations (5), (6), respectively. 

V2:I><(Rm+AR/2) (3) 

As a result, the difference AVl betWeen the output voltages 
obtained in detection element 1 and reference element 11 is 
given beloW. 

AV1:I><(1+H/lHkl)><AR/2 (9) 

In similar fashion, the difference AV2 betWeen the output 
voltages obtained in detection element 1 and reference ele 
ment 21 is given as 






















